Objectives: Doxorubicin (DOX) is an antineoplastic drug that is widely used in chemotherapy but its cardiotoxicity is the most important side effect that limits the clinical use of this drug. We investigated DOX treatment and the effects of vitamin D and melatonin on heart by electrocardiography, scintigraphic and biochemical methods. Methods: In this study, forty-nine adult male Wistar albino rats (220 ± 15 g) were randomly divided into seven groups (n = 7 each), namely control (CON, n = 7), doxorubicin (DOX, n = 7), melatonin (MEL, n = 7), vitamin D (Vit D, n = 7), doxorubicin plus melatonin (DOX+MEL, n = 7), doxorubicin plus vitamin D (DOX+Vit D, n = 7), and doxorubicin plus melatonin and vitamin D (DOX+MEL+Vit D, n = 7) groups. Cardiotoxicity was induced by intraperitoneal injection (i.p.) of DOX (18 mg Technetium pyrophosphate scintigraphy and biochemical parameters were assessed. Results: DOX caused changes in the ECG pattern, a significant decrease in heartbeat (p < 0.01), P wave (p < 0.001) and QRS complex durations (p < 0.001), R wave amplitude (p < 0.001); elevation in ST-segment (p < 0.001) and decrease in QT interval (p < 0,001), and R-R interval durations (p < 0.001); increase in the serum levels of cardiac injury markers (CK, BUN, cardiac troponin T), (p < 0.01), and increased 99m Technetium pyrophosphate uptake (p < 0.001) as compared to the CON group. MEL, Vit D and MEL+Vit D administration showed a same protective effect against DOX-induced altered ECG pattern. Pre-treatment with MEL, Vit D and MEL+Vit D significantly protected the heart from the toxic effect of DOX, by decreasing the levels of of cardiac injury markers (CK, BUN, cardiac troponin T) (p < 0.001) and decreased the elevated level of 99m Technetium pyrophosphate uptake (p < 0.001). Conclusion: Vitamin D and melatonin treatment prevented all the parameters of DOX-induced cardiotoxicity in rats.
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oxorubicin (DOX) is an anthracycline derivative antibiotic commonly used for the treatment of leukemias, malignant lymphoma and various solid tumors. However, its clinical use is limited because of dose-dependent cardiotoxicity [1] . DOX causes various toxic effects, the most common of which is cardiotoxicity that can be divided into acute effects (electrocardiogram changes), late effect of DOX administration is cardiomyopathy and congestive heart failure [2] .
The pathogenesis of DOX-induced cardiotoxicity is acted by different mechanisms; thought that oxidative stres induced cell injury, lipid peroxidation, mitochondrial damage, inflammation, and apoptosis play a role. However, the most popular hypothesis is that it should be noted that DOX increased free radical production and oxidative stress, play a major role in DOX-induced cardiotoxicity [3] . Oxidative stress is characterized as an imbalance between antioxidant defense systems and reactive oxygen species. DOX-induced oxidative stress has been shown to be inhibited by the administration of certain antioxidants to experimental animals [2, 4, 5] .
Melatonin as an important natural antioxidant, may reduce DOX-induced oxidative stress [6] . The protective effect of melatonin on cardiotoxicity induced by DOX has been demonstrated [2] . Ahmed et al. [7] demonstrated that treatment with melatonin could reduce DOX-induced cardiotoxicity by reduced oxidative stress and increased activity of the antioxidative enzymes.
Vitamin D (Vit D) plays regulatory activity in body function including the cardiovascular system. It is known that the pleiotropic effects of Vit D regulatory activation are responsible for the distribution of Vit D regulatory activity every where in the human body nervous system, intestine, kidney, bone, parathyroid gland, cardiovascular systemand myocardium [8] [9] [10] . A lot of study has shown that Vit D deficiency is significantly associated with cardiovascular disease [11, 12] . Vit D deficiency leads to increase in serum parathyroid hormone (PTH) [13] . Increased PTH levels were reported to be associated with left ventricular hypertrophy and increased risk of heart failure [14] . In addition, treatment with Vit D decreased blood pressure in patients with hypertension and modified the heart failure, decrease in cardiovascular mortality [15] [16] [17] .
Although many previous studies have examined the role of Vit D in cardiovascular disease, accorfing to our knowledge none have studied with examined the effects of Vit D on DOX-induced cardiotoxicity. This study was conducted to investigate the potential protective effects of melatonin plus Vit D on DOX-induced cardiotoxicity manifested by changes in the ECG pattern, changes in biochemical parameters such as serum creatine kinase (CK), blood urea nitrogen (BUN), and cardiac troponin T (cTnT) and changes in Tc PYP radiopharmaceuticals are involved in the necrotic tissue by binding to the calcium complex. It is routinely used in necrosis imaging in the nuclear medicine department. Additionally, our recent study has shown that combined melatonin plus Vit D treatment was superior to either one alone for protecting DOX-induced cardiotoxicity.
METHODS

Study Design
This is a randomized controlled experimental study.
Animal Selection
Forty-nine adult male Wistar albino rats (220 ± 15 g) were kept seven per cage, under standardized conditions of equal periods of light and dark in a room with lighting control (12-hour light/dark cycle, 24 ± 2ºC) and had free access to food and water. All the experimental procedures were approved by the Animal Ethics Committee of Gaziosmanpaşa University.
Experimental Procedures
The animals were randomly divided into 7 groups of 7 rats in each:
Group 1: Rats received standard laboratory diet and drinking water ad libitum, and received normal saline 5 ml/kg body weight intraperitoneal (i.p.) and served as normal control (CON) groups. 
Electrocardiography
Anesthesia was assessed clinically by pedal reflex. Then, needle electrodes were inserted under the skin of the rats in lead II position. Electrocardiography (ECG) recordings were taken for 1 minutes using the acknowledge software (version 3.8) and the MP-150 multi-channel physiological analysis system (BioPac Systems Inc., USA). Changes in ECG pattern (amplitude of ST segment, R-amplitude, duration of P wave, QRS complex, QT interval, and R-R interval) were considered.
Biochemical Assays
At the end of the experimental period, all the rats were anesthetized under light anesthesia and blood was collected from the heart into Vacutainer serumseparated tubes. After 30 min, the tubes were centrifuged at 1500 × g for 10 min. Then, the clear serum was used for all following biochemical assays. CK, BUN, cTnT were estimated by kinetic determination using the commercial kits of Bechman by Bechman Coulter LX-2000 (Brea, CA, USA). Tc PYP radiopharmaceutical administration, static imaging with dual head gamma camera (E-CAM, Siemens, Germany) was performed in anterior and posterior positions with 2.55 zoom factor. The radionuclide uptake heart area was measured by drawing equal rectangular regions of interest (ROI) and 99m Tc PYP uptake was calculated by semi-quantitative method to the all study groups.
Scintigraphic Images
Statistical Analysis
Statistical analyses on each parameter were performed using SPSS 20.0 program. Comparison of the groups was made by one-way analysis of variance (ANOVA), followed by the post hoc Tukey test. Pearson correlation analysis revealed a significant correlation between the 99m Tc PYP uptake ratio and serum levels of cardiac injury markers. The results are expressed as the means ± standard error of mean (SEM). For all statistical tests, p < 0.05 was considered statistically significant. 
RESULTS
Electrocardiography
The study show significant alteration of electrocardiographic patterns (duration of both P wave and QRS complex, QT interval, R-R interval, and heart rate, amplitude of ST-segment, R-wave amplitude) in DOX-administered rats as compared to normal control rats. CON group showed a normal pattern on ECG, whereas the DOX-treated group showed an decreased heart beat (p < 0.01), P wave (p < 0.001) and QRS complex durations (p < 0.001), R wave amplitude (p < 0.001); elevation in ST-segment (p < 0.001) and decrease in QT interval (p < 0.001), and R-R interval durations (p < 0.001) as compared to the CON group.
MEL pre-co-treatment in the DOX-treated group showed a decreased heart beat (p < 0.01) and R wave amplitude (p < 0.001), but did not show significant changes the other ECG parameters compared with the CON group. MEL pre-co-treatment in the DOXtreated group showed a icreased heart beat (p < 0.01), P wave (p < 0.001), QRS complex durations (p < 0.001) and R wave amplitude (p < 0.001), decreased QT interval (p < 0.001), and R-R interval durations (p < 0.001), ST-segment-amplitude (p < 0.001) was significant when compared to the DOX alone-treated group.
Vit D pre-co-treatment in the DOX-treated group showed a decreased heart beat (p < 0.05) and R wave amplitude control group. Vit D pre-co-treatment in the DOXtreated group showed a icreased heart beat (p < 0.01), P wave (p < 0.001), QRS complex durations (p < 0.001) and R wave amplitude (p < 0.001), decreased QT interval (p < 0.01), and R-R interval durations (p < 0.001), ST-segment-amplitude (p < 0.001) was significant when compared to the DOX alone-treated group. MEL+Vit D+DOX pre-co-treatment in the DOXtreated group showed a decreased heart beat (p < 0.01) and R wave amplitude (p < 0.001), but did not show significant changes the other ECG parameters compared with the CON group. MEL+Vit D+DOX pre-co-treatment in the DOX-treated group showed an increased heart beat (p < 0.01), P wave (p < 0.001), QRS complex durations (p < 0.001) and R wave amplitude (p < 0.001), decreased QT interval (p < 0.01) and R-R interval durations (p < 0.001), STsegment-amplitude (p < 0.001) was significant when compared to the DOX alone-treated group (Table 1) .
Biochemical Assays
DOX-treated group showed an increased BUN (p < 0.001), CK (p < 0.001, cTnT (p < 0.001) as compared to the CON group. MEL, Vit D, MEL+Vit D+DOX pre-co-treatment in the DOX-treated groups showed an increased BUN (p < 0.001), CK (p < 0.001, cTnT (p < 0.001) as compared to the CON group. MEL, Vit D, MEL+Vit D+DOX pre-co-treatment in the DOX-treated groups showed an decreased BUN (p < 0.001), CK (p < 0.001, cTnT (p < 0.001) were significant when compared to the DOX alone-treated group ( Figure 1, Table 2 ).
Scintigraphic Images 99m
Tc PYP scintigraphy images of the all study groups are shoen in Figure 2 . DOX-treated group showed an increased 
DISCUSSION
Previous studies demostrated that DOX treatmentinduced ECG abnormalities, which consist of non-specific P wave changes, sinus tachycardia, QRS complex, RR interval and R amplitude are frequently transient and cannot be said to be specific to anthracyclines. Prolonged QTc interval and elevation ST segment amplitude have been reported to be relatively characteristic ECG findings in receiving anthracyclines. The consecutive loss of cellular membrane damage due to oxidative stress might be characterized by ST elevation and prolonged QTc interval [18] [19] [20] [21] .
Our results confirmed that a cumulative dose of DOX (18 mg/kg) induces cardiotoxicity in rats as evidenced by ECG changes, 99m Tc PYP scintigraphic images and increased levels of cardiac biomarker enzymes. In the present study MEL and Vit D treated rats demonstrates several major findings regarding the effects of DOX-induced cardiotoxicity. First, we found that all of the ECG parameters changed significantly in the DOX-treated group as compared to the CON group, but MEL and Vit D restored the changes in ECG parameters in the DOX group to the pattern of the CON group. Second, cardiac marker enzymes (BUN, CK, cTnT) of the DOX-treated group increased significantly when compared with the CON group, whereas MEL and Vit D treatment could be attributed in part to the suppression of DOX-induced elevation in the levels of these cardiac marker enzymes. Third, Tc PYP scintigraphic images of the DOX-treated group was significantly changed as compared to the CON group, but MEL and Vit D treatment restored the changes in 99m Tc PYP scintigraphic images of the DOX group to the compared of the CON group.
In this study, ECG after DOX administration showed significant changes. DOX treatment induces a decrease P wave, QRS complex, in the amplitude of R wave, an increase in QT interval, R-R interval and ST segment which may link to its degenerative effect on cell membrane [22, 23] . Treatment with MEL, Vit D and combination MEL and Vit D groups caused increased in P-wave, QRS complex, R amplitude and decreased QT interval, R-R interval, ST segment was also near to normal. These changes in the electrocardiogram pattern induced by MEL and Vitamin D may be due to its membrane stabilizing action.
One of the major toxic effects of DOX is inducing lipid peroxidation. Its activation leads to acute membrane damage and releasing of cellular enzymes which decreased supply of oxygen to the myocardial cell leading to hypoxia [24] [25] [26] . The degree of DOXinduced cardiotoxicity can be estimated in serum and used as biomarkers to check the damage caused to the myocardium [27] . Several investigators reported that DOX causes elevation in the levels of CK-MB, BUN and cTnT serum biomarker activities after DOX administration [28, 29] . In comparison to the CON group, the DOX-treated group showed significant elevation in the levels of cardiac marker enzymes in the serum. Treatment with MEL and Vit D caused a significant decrease in the levels of troponin T, BUN and CK-MB enzymes. This effect shows that MEL and Vit D can be prevent damage to the rat myocardium and stabilized the membrane.
As phosphorous compounds have high affinity for hydroxyapatite crystals, 99m Tc PYP scintigraphy has been widely used in the detection of bone tumors and metabolic bone diseases.
99m Tc PYP radiopharmaceutical accumulates predominantly as apatite-like crystals in mitochondria and cytoplasm of infarcted myocardial cells. Therefore, it has been considered beneficial in the diagnosis of acute phase myocardial infarction and quantification of the infarct size in the clinical setting [30] [31] [32] [33] . Previous studies have also suggested that the degree of radiopharmaceutical accumulation such as Tc PYP is a good index of the severity of tissue damage [34] [35] [36] [37] [38] . In the present study, we observed increased 99m Tc PYP radiopharmaceutical uptake on heart area in the DOXinduced cardiotoxicity rat model.
Limitations
This study was conducted to investigate the potential protective effects of melatonin plus Vit D on DOX-induced cardiotoxicity manifested by changes in the ECG pattern, changes in biochemical parameters and changes in 99m Tc PYP scintigraphy. Histopathological examination was not performed in this study.
CONCLUSION
The results of the present study revealed that subchronic and systemic administration of Vit D doses showed a considerable cardioprotective effect similar to MEL on DOX-induced cardiotoxicityin rat model. MEL is an antioxidant agent that prevents apoptosis in in experimental toxic animal models. Cardiotoxicity induced by DOX ECG findings are very variable and chemical biomarkers alone are not sufficient, therefore additional diagnostic methods are needed. As a result of the study, it was thought that MEL and Vit D administration may be effective in preventing DOX-induced cardiotoxicity and that 99m Tc PYP scintigraphy could be used in the follow-up of chemotherapy patients using DOX.
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